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(54) Power-supply system for a manipulator 

(57) Power-supply system for a manipulator, for 
example an industrial robot which manipulator com- 
prises a plurality of drive means (1) for moving the 
manipulator in its plurality of degrees of freedom. Each 
drive means Odd) comprises at least one electric driv- 
ing motor (2c,2d) and a reduction gear (3c,3d). The driv- 
ing motors are supplied and controlled via a rectifier (6) 
and drive devices (7c.7d). According to the invention at 
least one of said drive devices (7) is arranged on the 
manipulator adjacent to its associated drive means 
(1c,1d). Also the rectifier may consist of a plurality of 
smaller units arranged on the manipulator and each 
provided for supplying only one or only a group of drive 
devices. 
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Description 
TECHNICAL FIELD 

The present invention relates to a power-supply s 
system for a manipulator according to the precharacter- 
ising part of claim 1. 

BACKGROUND ART 

10 

A manipulator, for example an industrial robot, has 
a stand which is rotatably arranged on a foot fixed to a 
base. The stand supports a first robot arm which is 
rotatable in relation to the stand. At the outer end of this 
arm, a second robot arm is rotatably journalled. The is 
outer part of this second arm is rotatable about the lon- 
gitudinal axis of the second arm and supports, at its 
outer end, a manipulator hand. The manipulator hand is 
provided with a tool attachment and consists of two 
hand parts that allow the tool attachment to be rotatable 20 
in two degrees of freedom relative to the second arm. To 
achieve movement of the mentioned robot arms and the 
hand parts, a drive means is arranged at each axis. 
Each such drive means comprises a motor, for example 
an inverter-fed synchronous motor with permanent rotor 25 
magnets, and a reduction gear with a high gear ratio. 

Power supply and control of an industrial robot of 
the kind described above are arranged through supply 
and control equipment comprising a rectifier and a drive 
device provided for each drive unit The rectifier con- 30 
verts a three-phase line voltage into a direct voltage 
which is supplied to the drive devices. The drive devices 
are controlled by signals from the control equipment 
and thereby convert the direct current into a variable 
alternating current for driving the driving motors of the 35 
robot. The variable alternating current is preferably 
within the frequency range 0 - 400 Hz. The alternating 
current is created by chopping the direct current, thus 
producing a pulse train formed of pulses with a variable 
length and polarity, the purpose of this pulse train being 40 
to imitate a sinusoidal alternating current. During such 
conversion from direct current to alternating current by 
so-called switching, high-frequency (MHz) transients 
are created which are superimposed on the fundamen- 
tal frequency. These transients cause the cable to emit 45 
electromagnetic waves, which may disturb other equip- 
ment. 

The principle of a drive system for a manipulator 
according to the prior art is shown in the circuit diagram 
in Figure 1 . Six drive means 1 a - If, each comprising its so 
own ac motor 2a - 2f and its own reduction gear 3a - 3f. 
are placed on the manipulator. The motors 2 are each 
connected, by means of long conductors, to a separate 
drive device 5a - 5f disposed in a control cabinet The 
drive devices 5, the task of which is to convert a direct ss 
current into a controllabiy variable alternating current, 
are supplied with direct current from a rectifier 6, com- 
mon to all drive devices and placed in the control cabi- 
net. 



The control and supply equipment including the 
rectifier and the drive devices is normally housed in a 
cabinet arranged outside the operating range of the 
manipulator. For driving the manipulator, a multi-con- 
ductor cable, with a number of conductors necessary for 
each drive means, is provided between the control cab- 
inet and the manipulator. The cable is connected to the 
foot of the manipulator and, from this point branches 
out to the different drive means, which are usually 
placed on the stand and on the second arm. Each one 
of the six ac motors requires three conductors, which 
means that the cable comprises 18 conductors. One 
problem with such a power transmission is that the total 
length of conductors is considerable and, therefore, 
costly. Another problem is that the long conductors 
increase the emission of the high-frequency electro- 
magnetic waves, which increases the risk of distur- 
bance. 

Under load the drive devices develop strong heat. 
Each one of the drive devices comprises a number of 
electronic components, which at too high temperatures 
may become damaged. Therefore, the drive devices 
have to be cooled. An additional problem when the drive 
devices are placed in a cabinet is that a cooling device 
must be arranged in the cabinet 

SUMMARY OF THE INVENTION 

The invention aims at developing a power-supply 
system for a manipulator of the above-mentioned kind 
which power-supply system eliminates the drawbacks 
mentioned above. The power-supply system is sup- 
posed to limit the emission of disturbing electromag- 
netic waves and to reduce the amount of cables 
needed. K shall also comprise an efficient cooling of the 
drive devices. 

To achieve this aim the invention suggests a power- 
supply system for a manipulator according to the intro- 
ductory part of claim 1, which is characterized by the 
features of the characterizing part of claim 1 . 

Further developments of the invention are charac- 
terized by the features of the additional claims. 

According to the invention the drive devices are 
located on the robot, where they are preferably placed 
near each individual drive means The drive devices are 
applied on the manipulator such that the heat developed 
from the drive device may be Averted to the manipulator 
structure and, by convection, be transferred to the sur- 
rounding air. From a rectifier in the control cabinet, the 
drive devices located on the robot are supplied with 
direct current via one common power supply cable only. 
Alternatively, also the rectifier may be located on the 
manipulator, in which case the current supply by alter- 
nating current from the three-phase network can be 
connected directly to the manipulator. The power supply 
cables arranged between the drive device and the drive 
means will be extremely short, which greatly limits the 
emission of disturbing electromagnetic waves 
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BRIEF DESCRIP TION OF THE DRAWINGS 



By way of example, the invention will now be 
described in greater detail with reference to the accom- 
panying drawings showing in 

Figure 1 a drive system of a manipulator with a 
power-supply system according to the prior 
art. 

Figure 2 a drive system of a manipulator with a 
power-supply system according to the 
invention, 

Figure 3 an industrial robot equipped with a power- 
supply system according to the invention. 



DESCRIPTION O F THE PREFERRED EMBODI- 
MENTS 



The circuit diagram according to Figure 2 shows a 
drive system for a manipulator with power-supply sys- 
tem according to the invention. Associated with each of 
the six drive means shown in Figure 1, each of which 
comprises a motor 2 and a reduction gear 3, is a drive 
device 7a - 7f, mounted on the manipulator. A rectifier 6 
common to all the drive devices is placed in a control 
cabinet, whereby only a two-conductor power cable 
jointly supplies direct current to the drive devices. 
Between the motor and the drive device for the respec- 
tive drive shaft, only short three-conductor power cables 
are connected, which greatly reduces the emission of 
disturbing electromagnetic waves. The rectifier can be 
equally placed on the manipulator, in which case a 
mains cable can be connected directly thereto. 

The drive devices 7, which have the same task as 
the known drive devices 5 in Figure 1 , are applied on the 
manipulator for the purpose of obtaining an efficient 
cooling by good thermal conduction to and convection 
from the manipulator structure. A lower operating tem- 
perature of the drive devices makes it possble to 
choose less space-demanding electronic components, 
and therefore the space needed for housing the drive 
device may, in comparison with the known drive device, 
be kept smaller. By a suitable choice of components 
and by the absence of cooling flanges, a space for 
housing the drive device of about 60*60*40 mm 3 may 
thus be obtained. 

The industrial robot shown in Figure 3 has a stand 
1 0 which is rotatably journal I ed in a robot foot 1 1 fixed to 
a mounting base (not shown), the stand being able to 
swing around a vertical axis A with the aid of a drive 
means (not shown) placed on the stand 10. A first robot 
arm 12 is pivotally jour nailed in the stand 10 about an 
axis B and is balanced by two equalizer springs 13a and 
13b, which are articulately fixed between the stand 10 
and the upper end of the first arm 12. The lower end of 
the first arm 12 is connected to a drive means 1b which 
is integrated with the stand 10 and which comprises a 



motor (not shown) and a reduction gear 3b, to which 
reduction gear is attached a drive device (not shown). At 
the upper end of the arm 12. a second robot arm 14 is 
pivotally journalled about an axis C. The pivoting of the 

5 arm 14 is performed over a parallel link 15. the lower 
end of which is connected to a drive means 1c inte- 
grated with the stand and comprising a motor 2c and a 
reduction gear 3c to which reduction gear is attached a 
drive device 7c. 

10 The second robot arm 14 comprises a rear part 
14a, which is rotatable about the axis C. and a tubular 
front part 14b which is journalled in the rear part and is 
rotatable around the longitudinal axis D of the arm. The 
outer end portion of the front arm part consists of a wrist 

is which comprises a wrist part 16, rotatable about an axis 
E, and a tool attachment in the form of a disc 17 which 
is rotatable about the longitudinal axis F of the wrist part 
16. For rotation of the robot parts 14b. 16 and 17. three 
drive means are arranged on the rear part 14a of the 

20 second robot arm. Each one of the drive means placed 
on the second robot arm 14 comprises a motor and a 
reduction gear, and a drive device attached to the drive 
means. Only the motor 2d, the reduction gear 3d and 
the drive device 7d, which are provided for driving the 

25 arm 1 4b around the axis D, are marked in the figure. 

The drive device 7c, arranged for driving the first 
arm 12 around the axis B, is applied on the reduction 
gear 3c provided for achieving the arm movement 
Through this location, not only the thermal dissipation of 

30 the robot structure but also the thermal conductivity of 
the oil enclosed in the gear housing is utilized for heat 
conduction. The heat developed in the drive device 7c 
can thus be rapidly transported to the whole limiting sur- 
face of the gear housing. From the envelope surface of 

35 the gear housing, the heat is transferred to the sur- 
rounding air by convection. 

The drive means arranged at the rear part 14a of 
the second arm have lower power, so the associated 
drive devices develop less heat. The drive device 7d 

40 adapted for driving the front part 14b of the second arm 
1 4 around the axis D is applied directly can the motor 2d 
adapted for achieving the movement Sufficient thermal 
dissipation is obtained by heat transport via the casing 
of me motor to the robot structure, whereby surplus 

45 heat is transferred to the surrounding air by convection 
from both the motor casing and the robot structure. 

An advantageous improvement of the invention is to 
replace the common rectifier by smaller rectifiers pro- 
vided for each one of or for groups of drive devices. 

so These smaller rectifiers are placed adjacent to the drive 
devices. With such a location, it is possible also for the 
rectifier to become efficiently cooled via the robot struc- 
ture. 

55 Claims 

1 . Power-supply system for a manipulator, for example 
an industrial robot, which manipulator comprises a 
plurality of drive means (1) for moving the manipu- 
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lator in its plurality of degrees of freedom, each 
drive means (1) comprising at least one electric 
driving motor (2). which is supplied and controlled 
via a rectifier (6) and a drive device (7), character- 
ized in that at least one of said drive devices (7) is 5 
arranged on the manipulator, preferably adjacent to 
its associated drive means (1 ). 

2. Manipulator according to claim 1 , characterized in 
that at least one rectifier (6) is arranged on the 10 
manipulator. 

3. Manipulator accord ng to claim 2, characterized in 
that each of the rectifiers arranged on the manipu- 
lator is provided for supplying only one or only a 75 
group of drive devices. 

4. Manipulator according to any of the preceding 
claims, characterized in that at least one drive 
device (7) and/or at least one rectifier is mounted 20 
on the manipulator in a manner adapted for heat 
dissipation to the manipulator structure. 

5. Manipulator according to any of the preceding 
claims, characterized in that at least one drive 2s 
means (1) comprises a reduction gear (3) con- 
nected to the driving motor and that the associated 
drive device (7) and/or the associated rectifier is 
mounted, for heat dissipation, on the gear housing 
surrounding the reduction gear (3). 30 
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Fig. 2 
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(54) Power-supply system for a manipulator 

(57) Power-supply system for a manipulator, for 
example an industrial robot which manipulator com- 
prises a plurality of drive means (1) for moving the 
manipulator in its plurality of degrees of freedom Each 
drive means (1 c, 1d) comprises at least one electric driv- 
ing motor (2c.2d) and a reduction gear (3c,3d). The driv- 
ing motors are supplied and controlled via a rectifier (6) 
and drive devices (7c,7d). According to the invention at 
least one of said drive devices (7) is arranged on the 
manipulator adjacent to its associated drive means 
(1c,1d). Also the rectifier may consist of a plurality of 
smaller units arranged on the manipulator and each 
provided for supplying only one or only a group of drive 
devices. 
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